Materials and Methods
All reactions involving metal complexes were conducted under nitrogen or argon atmospheres using standard glovebox or standard Schlenk techniques. Solvents were purified by passage through alumina.
1 Resonances for NMR spectra are reported relative to Me 4 Si (δ 0.0) for 1 H and 13 C. Spectra are reported as follows: chemical shift (δ ppm), integration, multiplicity and coupling constant (Hz). Ruthenium starting materials were provided by Materia, Inc. All other reagents were purchased from Aldrich and used without prior purification.
I. Experimental Procedures
Cyclohex-4-ene-1,2-diamine hydrochloride salt A flame-dried 50 mL 2-neck r.b. flask was charged with Pd(OAc) 2 (25 mg, 0.11 mmol), tBu 3 PH + BF 4 -(96 mg, 0.33 mmol), NaOtBu (0.62 g, 6.0 mmol) and a stirbar. Toluene (10 mL) was added via canulla and the suspension was stirred for 15 minutes at r.t. 2-Bromostyrene (0.34 mL, 2.7 mmol) was added via syringe, followed by the diamine (0.2 g, 1.08 mmol) via spatula. The suspension was heated to 100 ˚C and stirred for 18 h. After cooling to r.t., the suspension was filtered through a pad of Celite, which was then washed with additional toluene (100 mL). Concentration of the combined toluene solutions afforded a dark brown oil. The desired product was obtained via silica gel chromatography (40:1 → 10:1 pentane:Et 2 O) as a pale beige oil.
1 H NMR (300 MHz, CDCl 3 ) δ 7.23 (dd, J = 7.5, 1.7 Hz, 2H), 7. 16 -7.04 (m, 2H), 6.84 -6.54 (m, 6H) , 5.69 (t, J = 1.5 Hz, 2H), 5.52 (dd, J = 17.3, 1.6 Hz, 2H), 5.21 (dd, J = 11.0, 1.6 Hz, 2H), 4.13 (br s, 2H), 3.93 (t, J = 5.0 Hz, 2H), 2.53 (dd, J = 16.5, 3.9 Hz, 2H), 2.17 (dd, J = 16.6, 5.2 Hz, 2H). 13 C NMR (75 MHz, CDCl 3 ) δ 144. 7, 133.0, 130.4, 129.1, 127.9, 125.6, 125.2, 118.1, 116.6, 113.0, 50.9, 30 .1. 
HR-MS (FAB+)
Calculated
Synthesis of 10
A procedure analogous to the formation of (16) was followed.
1 H NMR (300 MHz, CDCl 3 ) δ 7.13 (dd, J = 1.5, 7.8 Hz, 2H), 7.08 -7.02 (m, 3H), 6.88 (dt, J = 1.5, 8.1 Hz, 2H), 6.67 (d, J = 3.3 Hz, 2H), 6.63 (s, 1H), 6.52 (dd, J = 2.1, 11.4 Hz, 2H), 6.29 -5.99 (m, 2H), 4.26 -4.00 (m, 2H), 2.94 -2.36 (m, 2H), 1.55 (s, 1H). 13 C NMR (75 MHz, CDCl 3 ) δ 147. 8, 143.9, 132.3, 132.1, 128.8, 128.2, 127.5, 126.1, 120.5, 116.1, 72.5, 67 .4, 31.1. A procedure analogous to the formation of (14) was followed. sealed and the solution was heated at 150 ˚C for 18 h. After cooling to r.t., excess BF 3 was quenched by careful addition of 15% NaOH. The resulting suspension was diluted with Et 2 O (~ 100 mL) and the organic layer was separated, and washed with brine. The aqueous layer was extracted with additional (~ 100 mL) of Et 2 O. The combined organic layers were dried with MgSO 4 , filtered and concentrated to afford a mixture of the starting material and product, which could be purified by fractional distillation. A flask was charged with 2-allylaniline (0.79 g, 5.9 mmol), 2-propanol (6 mL), water (6 mL) and a stirbar. Glyoxal (0.31 mL, 2.7 mmol) was then added dropwise via syringe. After stirring at r.t. for 1 h, the bright yellow precipitate was collected via filtration using a C frit and washed sparingly with 2-propanol to afford the desired product. A flame-dried 50 mL 2-neck r.b. flask was charged with the diimine (1.0 g, 3.5 mmol) and a stirbar. Dry THF (15 mL) was added via canulla and the orange solution was cooled to -78 ˚C. Vinyl Grignard (13.9 mL, 1.0 M in Et 2 O, Aldrich) was added dropwise via syringe, causing the orange solution to turn green. After stirring for 30 min at -78 ˚C, the solution was warmed to r.t. and stirred for an additional 2 h. After this time the solution was again clear and orange. Excess Grignard was quenched by careful addition of brine. The resulting suspension was diluted with Et 2 O and washed with brine. The organic layer was dried with Na 2 SO 4 and concentrated to afford an orange solid (sometimes a reddish oil). 136.4, 136.0, 130.2, 127.7, 124.3, 118.5, 117.8, 116.7, 112.0, 59 .1, 36.8.
HRMS (EI+
HR-MS (FAB+) Calculated for C 24 H 29 N 2 : 345.2331; found: 345.2339.
1,3-bis(2-allylphenyl)-4,5-divinylimidazolidin-2-one (12)
2 Gagne, M. R.; Marks, T. J. J. Am. Chem. Soc., 1989, 111, 4108-4109. Crude N 3 ,N 4 -bis(2-allylphenyl)hexa-1,5-diene-3,4-diamine was taken up in dry CH 2 Cl 2 (30 mL). Et 3 N (0.73 mL, 5.2 mmol) and DMAP (~ 10 mg) were added and the solution was cooled to 0 ˚C. Diphosgene (0.46 mL, 3.82 mmol) was added and the solution was stirred for 2 h. Excess diphosgene was then quenched by careful addition of H 2 O. The suspension was then washed with brine, dried with MgSO 4 , filtered and concentrated. The resulting pale yellow solid was washed with hexanes and dried. Silica gel chromatography afforded the desired product (4:1 hexanes:EtOAc).
1 H NMR (300 MHz, CDCl 3 ) δ 7.40 -7.10 (m, 8H), 6.09 -5.89 (m, 2H), 5.89 -5.68 (m, 2H), 5.23 -5.02 (m, 8H), 4.35 (dd, J = 6.0, 1.9 Hz, 2H), 3.66 -3.25 (m, 4H). 13 C NMR (75 MHz, CDCl 3 ) δ 157. 0, 138.9, 137.3, 136.4, 134.5, 130.5, 127.6, 127.0, 121.3, 116.4, 66.6, 36 A 100 mL r.b. flask was charged with 12 (0.69 g, 1.86 mmol) and a stirbar. The flask was flushed with argon, and dry CH 2 Cl 2 was added via canulla. An oven-dried 10 mL r.b. flask was cooled under argon and then charged with the catalyst (63 mg, 0.07 mmol), to which CH 2 Cl 2 (1 mL) was added via syringe. The catalyst solution was then added dropwise to the substrate solution. After 4 h at r.t., the amber solution was filtered through a pad of SiO 2 , which was washed with a 3:1 hexanes:ethyl acetate solution (200 mL) to afford the desired product. 6, 139.2, 138.8, 138.3, 129.0, 127.8, 126.6, 126.2, 125.7, 77.7, 77.4, 77.2, 76.8, 63.1, 32.4 
100% yield
A 100 mL r.b. flask was charged with the tetracylic urea (0.58 g, 1.86 mmol), MeOH (20 mL) and a stirbar. 10% Pd/C (0.1g, 0.09 mmol) was added and the flask was flushed with argon. A balloon of H 2 was attached and the suspension was stirred until TLC indicated complete consumption of starting material. The suspension was then filtered through a plug of Celite and concentrated to afford the desired product as a beige solid. 6, 139.8, 138.7, 130.4, 127.2, 126.0, 125.9, 64.1, 38.8, 35.6, 6, 133.6, 130.8, 127.0, 121.3, 119.9, 61.9, 35.4, 34.6, 25.4 . 131.3, 130.8, 129.1, 127.7, 127.1, 122.7, 119.2, 116.6, 116.4, 112.5, 69.4, 68.9, 67.5, 36.3, 34.4, 31.8, 28.6, 26.1, 24.9. 19 See below for the analogous procedure to the formation of (18).
HR-MS (FAB+
For proton and carbon shifts, please see attached spectra. Proton NMR and 2D experiments indicated two rotational isomers at room temperature. Variable temperature experiments were conducted up to 60°C and showed no exchange between the two species at that temperature. In the glovebox, a 25 mL Schlenck flask equipped with a stirbar was charged with [Rh(COD)Cl] 2 (18 mg, 0.073 mmols) and the pentafluorophenyl adduct (34 mg, 0.072 mmols). To this was added 2 mL of benzene. The flask was sealed, removed from the glovebox and heated at 100°C for 48h. The reaction mixture was purified on silica gel (50% ether/hexanes) to afford a crystalline yellow solid. A single rotational isomer was identified in solution. 
Special Refinement Details
Crystals were mounted on a glass fiber using Paratone oil then placed on the diffractometer under a nitrogen stream at 100K.
Refinement of F 2 against ALL reflections. The weighted R-factor (wR) and goodness of fit (S) are based on F 2 , conventional R-factors (R) are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ( F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (1) 8006 (1) 6711 (1) 5754 (1) 11(1) Cl (1) 8046 (1) 7387 (1) 3919 (1) 17(1) N (1) 7702 (1) 9179 (2) 6184 (2) 15(1) N (2) 8904 (1) 8745 (2) 6852 (2) 14(1) C (1) 8231 (1) 8311 (2) 6292 (2) 12(1) C (2) 8080 (1) 10319 (2) 6478 (2) 17(1) C (3) 8766 (2) 9911 (2) 7312 (2) 16(1) C (4) 6889 (1) 9075 (2) 5722 (2) 16(1) C (5) 6395 (1) 8446 (2) 6278 (2) 18(1) C (6) 5592 (1) 8368 (2) 5868 (2) 21(1) C (7) 5305 (2) 8936 (2) 4916 (2) 24(1) C (8) 5804 (1) 9552 (2) 4356 (2) 23(1) C (9) 6606 (1) 9636 (2) 4737 (2) 17(1) C (10) 7144 (2) 10246 (3) 4075 (2) 23(1) C (11) 7617 (2) 11263 (2) 4619 (2) 26(1) C (12) 8312 (1) 10910 (2) 5480 (2) 21(1) C (13) 9505 (1) 10653 (2) 7531 (2) 21(1) C (14) 9998 (2) 10306 (2) 8610 (2) 26(1) C (15) 10033 (2) 9008 (2) 8795 (2) 23(1) C (16) 10216 (1) 8341 (2) 7828 (2) 17(1) C (17) 10944 (1) 7801 (2) 7836 (2) 21 (1) (23) 7096 (1) 5208 (2) 7184 (2) 17(1) C (24) 6714(1) 5020(2) 5990(2) 22(1) C (25) 7262 (1) 5223 (2) 5172 (2) 20(1) C (26) 8027 (1) 4853 (2) 5248 (2) 20(1) C(27) 8430 (2) 4133 (2) 6182 (2) 21(1) C (28) 8908 (1) 4865 (2) 7084 (2) 20(1) C (29) 8519 (1) 5992 (2) 7255 (2) 16(1) ________________________________________________________________________________ (1) 111 (1) 115 (1) 108 (1) 0(1) -12(1) -9(1) Cl (1) 171 (2) 188 (3) 130 (2) 9(2) 0(2) -20(2) N (1) 111 (8) 126 (9) 203 (9) -6(7) -1(7) 3(7) N (2) 109 (8) 119 (9) 196 (9) -31(7) -5(7) 1(6) C (1) 104 (9) 152 (9) 117 (8) 13 (9) 9 (7) -5(8) C (2) 134 (10) 131 (10) 237 (12) -42 (9) 30 (9) 14(8) C (3) 137 (12) 145 (13) 191 (13) -30 (10) 29 (9) 8(9) C (4) 119 (9) 159 (11) 191 (11) -35(9) -7(8) 27(8) C (5) 152 (10) 194 (12) 172 (10) -26(9) -17 (8) 8 (8) C(6) 132 (10) 250 (13) 258 (12) -64 (11) 27 (9) -17(10) C (7) 123 (11) 297 (14) 270 (13) -80(11) -41(10) 31(10) C (8) 234 (12) 261 (14) 177 (12) -26(10) -49(10) 93(10) C (9) 195 (11) 169 (11) 157 (10) -9(9) 22 (8) 56 (8) C (10) 265 (15) 244 (15) 194 (14) 43 (12) 36 (11) 43 (12) C (11) 291 (13) 183 (12) 310 (14) 82 (11) 76 (11) 36 (10) C (12) 206 (12) 148 (12) 287 (13) 22 (10) 60 (10) -8(9) C (13) 163 (11) 173 (12) 309 (13) -67 (10) 48 (10) -34(9) C (14) 179 (12) 304 (14) 285 (14) -119 (11) 27 (10) -41(10) C (15) 160 (12) 303 (15) 207 (12) -46(11) -14(10) -23(10) C (16) 127 (9) 174 (11) 189 (10) -7(10) -7(8) -28(9) C (17) 114 (10) 201 (12) 288 (13) 56 (10) -37(10) -13(8) C(18) 115 (11) 187 (12) 406 (15) 21 (11) 38(10) 35(9) C(19) 185 (12) 193 (12) 323 (14) -63(10) 91(10) 1(9) C(20) 143 (10) 153 (11) 208(11) -17(9) 13(9) -20(8) C(21) 94 (9) 109 (9) 201(10) 5(9) 20(7) 0(8) C (22) 165 (10) 156 (11) 104 ( (23) 141 (11) 217 (12) 156 (11) 53 (9) 23 (9) -23(9) C (24) 181 (12) 241 (13) 220 (12) 54 (10) -49(9) -79(10) C (25) 241 (12) 193 (12) 151 (11) 9(9) -52(9) -85(9) C (26) 257 (12) 130 (11) 195 (11) -41 (9) 19 (9) -27(9) C(27) 226 (12) 131 (11) 277 (13) 12 (10) 71 (10) 2(9) C (28) 143 (11) 187 (12) 246 (13) 48 (10) -2(9) 20(9) C (29) 171 (11) 158 (11) 125 (10) 24 (9) -30(8) -30(8) ______________________________________________________________________________ Table 6 . Hydrogen coordinates ( x 10 4 ) and isotropic displacement parameters (Å 2 x 10 3 ) for ICS05 (CCDC 696088).
7752 (14) 10740 (20) 6840 (20) 14(6) H (3) 8558 (14) 9720 (20) 7990 (20) 13 (7) H (5) 6600 (14) 8070 (20) 6960 (20) 14(6) H (6) 5241 (15) 7940 (20) 6260 (20) 24 (7) H (7) 4861 (17) 8900 (30) 4730 (20) 36 (9) H (8) 5638 (16) 9870 (20) 3750 (20) 29 (7) H (10A) 6834 (14) 10510 (20) 3410 (20) 23 (7) H (10B) 7466 (17) 9720 (30) 3800 (20) 22 (8) H (11A) 7270 (14) 11810 (20) 4940 (19) 13 (6) H (11B) 7831 (13) 11660 (20) 4061 (19) 11 (6) H (12A) 8661 (13) 10370 (20) 5175 (18) 10(6) H (12B) 8614 (16) 11540 (20) 5730 (20) 27 (7) H (13A) 9337 (13) 11480 (20) 7568 (18) 10(6) H (13B) 9768 (13) 10570 (20) 6927 (18) 9(6) H (14A) 10532 (15) 10620 (20) 8610 (20) 24 (7) H (14B) 9787 (15) 10620 (20) 9210 (20) 24 (7) H (15A) 10406 (16) 8830 (30) 9400 (20) 33 (7) H (15B) 9588 (17) 8740 (30) 9000 (20) 31 (8) H (17) 11269 (15) 7870 (20) 8460 (20) 20 (7) H (18) 11621 (16) 6760 (20) 7010 (20) 30 (7) H (19) 10658 (14) 6660 (20) 5370 (20) 22 (6) H (20) 9464 (15) 7610 (20) 5290 (20) 27 (7) Table 7 . Observed and calculated structure factors (available upon request)
ICS06
Note: The crystallographic data have been deposited in the Cambridge Database (CCDC) and has been placed on hold pending further instructions from me. The deposition number is 752022. Ideally the CCDC would like the publication to contain a footnote of the type: "Crystallographic data have been deposited at the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK and copies can be obtained on request, free of charge, by quoting the publication citation and the deposition number 752022." 
Special Refinement Details
The methyl hydrogens of the toluene were refined as riding atoms. All other hydrogens were refined without restraint.
All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
trans-(ICS06) overlapped on cis-(ICS05, magenta)
cis-ICS05 (1) 9771 (1) 7323 (1) 2653 (1) 11(1) Cl (2) 10006 (1) 5244 (1) 2375 (1) 17(1) N (1) 6851 (1) 6144 (1) 3335 (1) 13(1) N (2) 6899 (1) 5910 (1) 1838 (1) 12(1) C (1) 7696 (1) 6422 (1) 2623 (1) 12(1) C (2) 5358 (1) 5467 (1) 3032 (1) 14(1) C (3) 5471 (1) 5052 (1) 2006 (1) 14(1) C (4) 7338 (1) 6280 (1) 4285 (1) 13(1) C (5) 8316 (1) 5726 (1) 4536 (1) 17(1) C (6) 8791 (1) 5843 (1) 5463 (1) 21(1) C (7) 8271 (1) 6502 (1) 6126 (1) 20(1) C (8) 7297 (1) 7050 (1) 5866 (1) 17(1) C (9) 6811 (1) 6965 (1) 4938 (1) 14(1) C (10) 5822 (1) 7643 (1) 4666 (1) 18(1) C (11) 4416 (1) 6757 (1) 4201 (1) 19(1) C (12) 4483 (1) 6326 (1) 3181 (1) 17(1) C (13) 5308 (1) 3624 (1) 1848 (1) 19(1) C (14) 5550 (1) 3167 (1) 868 (1) 21(1) C (15) 7054 (1) 3778 (1) 580 (1) 20(1) C (16) 7447 (1) 5143 (1) 313 (1) 16(1) C (17) 7963 (1) (23) 11065 (1) 9347 (1) 4207 (1) 20(1) C (24) 12375 (1) 9345 (1) 3717 (1) 19(1) C(25) 12056 (1) 8212 (1) 2984 (1) 17(1) C (26) 11768 (1) 8287 (1) 2057 (1) 17(1) C(27) 11678 (1) 9470 (1) 1633 (1) 21(1) C (28) 10798 (1) 10137 (1) 2169 (1) 19(1) C (29) 9622 (1) 9202 (1) 2660 (1) 15 (1) C (41) 6888 (1) 1062 (1) 2658 (1) 25(1) C (42) 7894 (1) 1586 (1) 2030 (1) 24(1) C (43) 7728 (1) 1069 (1) 1116 (1) 25 (1) (1) 113 (3) 177 (3) 92 (2) 20 (2) 6(2) 50(2) N (2) 131 (3) 143 (2) 93 (2) 13(2) 6(2) 39(2) C (1) 139 (3) 121 (3) 103 (2) 17 (2) 13 (2) 60(2) C (2) 116 (3) 163 (3) 126 (2) 27 (2) 10 (2) 43(2) C (3) 127 (3) 166 (3) 122 (2) 13(2) -4(2) 41(2) C (4) 128 (3) 165 (3) 95 (2) 24 (2) 7(2) 48(2) C (5) 170 (3) 254 (4) 121 (2) 23 (2) 12 (2) 105(3) C (6) 195 (4) 315 (4) 143 (3) 34(3) -15(2) 126(3) C (7) 202 (4) 259 (4) 115 (3) 16(2) -14(2) 63(3) C (8) 187 (4) 177 (3) 118(2) -5(2) 16(2) 36(3) C (9) 139 (3) 140 (3) 122 (2) 14 (2) 14 (2) 38(2) C (10) 212 (4) 169 (3) 169(3) -2(2) 8(3) 89(3) C (11) 174 (4) 255 (4) 172 (3) 3 (3) 10 (2) 123(3) C (12) 158 (3) 224 (4) 153 (3) 13(2) -4(2) 94(3) C (13) 203 (4) 151 (3) 178 (3) 4(2) 10(3) 21(3) C (14) 237 (4) 168 (3) 192(3) -35(3) -13(3) 38(3) C (15) 246 (4) 181 (3) 180(3) -27(3) 9(3) 90(3) C (16) 177 (3) 194 (3) 124(2) -7(2) 4(2) 79(3) C (17) 230 (4) 283 (4) (5) 8662 (12) 5266 (10) 4085(6) 20(3) H (6) 9423 (13) 5448 (11) 5650 (7) 25(3) H (7) 8612 (13) 6597 (11) 6766 (7) 30(3) H (8) 6969 (12) 7536 (10) 6317 (6) 
